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ABSTRACT 
The green growth prediction plays an important role to assess and monitor the growth rate 
of a local region. Managers and researchers can make timely adaptation policy to improve and 
innovate economic, cultural and environmental performance to impulse the green growth. The 
study used the methods such as the multiple criteria analysis, analytic hierarchy process, 
principal component analysis, and the grey theory model to build and integrate green growth 
indicators into the green growth index. The green growth index was developed by 9 subjects and 
18 indicators. The data of study were collected a period of seven years from 2009 to 2015. The 
results of study indicated that almost districts increased the green growth index. District 1 and 
District 5 reached at high green growth level about 60 score, while others were classified into 
average green growth level. The results of green growth prediction of districts in Ho Chi 
Minh City also showed that the green growth index will lightly increase from 2016 – 2020.   
Keywords: green growth, water quality, Ho Chi Minh, grey theory, GM model. 
1. INTRODUCTION 
Green growth emerged as a paradigm for development in few years ago [1]. According to 
UNEP, a green economy was defined as one that “results in improved human well-being and 
social equity, while significantly reducing environmental risks and ecological scarcities” [2]. In 
2011, the Organisation for Economic Co-operation and Development (OECD) reported on 
indicators for green growth, which is a key component of the overall OECD green growth 
strategy. These indicators are selected based on criteria: relevance, generality, 
comprehensibility, data quality and reliability. Evaluation indicators fall into four issues: 
environmental performance, natural resources, environmental quality and economic opportunity 
[3].The function of the green growth combines the relationship between the economic growth 
and the environmental protection. The green growth is often studied at the national level such as 
Asia Pacific [4]; The Netherlands [5]; Korea [6]. Measuring green growth for local is a few 
research mentioned.  
In 2012, the Prime Minister proclaimed Decision No. 1393/QD-TTg on “The National 
Green Growth Strategy” for the period 2011-2020 with a vision to 2050 [7]. After, many 
 
 
Green growth prediction of Ho Chi Minh city by the grey theory model  
21 
Indicators of 
positive  
Selection 
Grouping 
Weightin
g 
Normalizing 
Calculating 
Combining 
Judging 
Green growth indicators 
Socio-economy Environment  
Weight of indicators 
Normalize indicators of green growth 
 
Socio-economy Environment  
 
Green growth index 
Indicators of 
negative  
localities have made decisions and plans to implement the green growth strategy such as Plan 
No. 94/KH-UBND of Hanoi People's Committee, Planning No. 22/KH-UBND of Can Tho 
People's Committee, Decision No. 481/QD-UBND of Bac Can, and Lai Chau, etc. At current, 
Vietnam has still not built green growth indicators for local level. Current research on the green 
growth is limited to qualitative approaches and methodologies instead of focus on developing a 
general green growth strategy. Therefore, building green growth index is one of the necessary 
issues. This study will develop green growth indicators and propose a scheme for assessing and 
monitoring the green growth index for local level, a case study 13 inner districts in Ho Chi Minh 
City. Simultaneously, forecasting green growth also is mentioned to support rapid estimation of 
the green growth index. 
2. MATERIAL AND METHODS 
2.1. Multi-criteria method 
Step 1: Selecting green growth indicators 
The indicators were selected based on 
the experience of international studies and 
considered suitability to HCMC's 
conditions relied on 7 criteria: suitable 
target (C1), available data (C2), accuracy 
(C3), reliability (C4), comprehensibility 
(C5), sensitivity (C6) and specificity (C7). 
After proposed preliminary indicators, the 
author reviewed experts who have 
professional knowledge in this field to give 
a mark for each indicator from 1 to 5. The 
weight of criteria was determined based on 
their importance level. The weighting 
criteria for the green growth indicators was 
determined by AHP. The weighting results 
of each criterion was obtained (C1, C2, C3, 
C4, C5, C6) = (0.32, 0.15, 0.05, 012, 0.05, 0.13, 0.15). Then, the author conducted a consistency 
test of the weights to be obtained of max = 7.301, consistency index (CI) = 0.05, random index 
(RI) = 1.32 and consistency ratio (CR) = 0.03 < 0.1. These results showed that the pairwise 
comparison matrix of the criteria was suitable. Multiplying criteria weight with each indicator 
score was obtained total score of each green growth indicator and a selected indicator was total 
score ≥ 4. The green growth indicators of Ho Chi Minh were presented in Table 1. 
Step 2: Determining maximum and minimum scores 
Each green growth indicator was compared to target value that was mentioned on the 
regulation documents of HCMC and Vietnam or previous research. Each green growth indicator 
has a different role to play in the green growth such as negative indicators (-) and positive 
indicators (+). 
Step 3: Standardizing data 
The "Min-Max" standardization method was chosen to normalize green growth indicator 
[8]. Standardization of data can be done following two formulas:  
Figure 1. Scheme for calculating green growth index. 
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The positive indicator:  
I
+
ij = [xij – min(xj)]/[max(xj) - min(xj)]                                    (1) 
The negative indicator: 
 I
-
ij = [max(xj) - xij]/[max(xj) - min(xj)]                                    (2) 
Table 1. Green growth indicators for districts in Ho Chi Minh City. 
Topic 
Indicator Symbol Min Max 
Indicator 
type 
Source 
Environm
ental 
quality 
Population access to safe water H01 0 100 + [9]  
Population access to sanitation H02 0 100 + [9]  
The rate of solid waste was collected  H03 0 100 + [10]  
Health The number of bed/ 1000 capita H04 0 33 + Reality 
Transporta
tion 
The proportion of people using public 
transport (going to work, school, 
travel...) 
H05 0 65 + Target 
Decreased 
risk 
Area of urban green coverage per capita H06 0 15 + [10]  
% trees coverage H07 0 45 + [11]  
Society 
% population growth H08 1 10 -  [10] 
Rate of households getting cultural 
standard (%) 
H09 0 100 + [12]  
Economy 
Gross domestic product per capita H10 21 840 +  [13] 
Percentage of budget per expenditure H11 100 10 - / + Reality 
Environm
ental 
Managem
ent 
Rate of manufactories applying cleaner 
production 
H12 0 50 + [7]  
Ratio of firms registered environmental 
management systems 
H13 0 80 +  [14] 
Education 
Percentage of kindergarten students per 
teacher 
H14 8 35 + [15]  
Ratio of high school students per 
teachers 
H15 8 35 +  [15] 
Percentage of high school graduates H16 0 100 + [9]  
Jobs 
Rate of laborers per working-age 
population 
H17 0 65 +  [11] 
The percentage of employee H18 0 100 + [11]  
If indicators exceed the min-max standard will receive a value of 0 or 1 depending on the 
type of negative and positive indicators. Negative indicators will get 0 and the positive indicator 
will receive 1. 
Step 4: Determining weights for green growth indicators 
The principal component analysis method (PCA) was used to calculate the weights of green 
growth indicators. PCA is one of the most widely applied weighting methods. PCA combines 
single parameters that correlate together into integrated index.  
The weight of indicators was determined based on eigenvalue and loading coefficient of 6 
principle components. The eigenvalue of six component was Pr1 = 3.05, Pr2 = 3.03, Pr3 = 2.85, 
Pr4 = 2.7, Pr5 = 1.6, Pr6 = 1.6 with the rate of 0.2, 0.2, 0.19, 0.18, 0.11, 0.11 respectively. The 
 
 
Green growth prediction of Ho Chi Minh city by the grey theory model  
23 
highest loading of six principle components was chosen representative value of indicator 
including. This loading coefficient was added with the weight of the corresponding component. 
The weight of indicators was displayed W = (H01; H02; H03; H04; H05; H06; H07; H08; H09; 
H10; H11; H12; H13; H14; H15; H16) = (0.01; 0.02; 0.04; 0.08; 0.08; 0.05; 0.05; 0.06; 0.09; 
0.05; 0.07; 0.10; 0.08; 0.08; 0.03; 0.05; 0.03; 0.03). 
Step 5: Calculating the green growth index 
The green growth index is calculated step-by-step based on the indicators of the green 
growth sub-indicator. The sub-index is calculated by the following formula: 
IS,jt= ∑     
 
      
  + ∑     
 
         
  ;            (3) 
∑    
 
   = 1,    0.  
of which: IS,jt is the green growth sub-index of 
indicators j in time (year) t. 
    is the weight of the indicators i for the group 
of green growth indicators j group is equal. 
Step 6: Integrating green growth indicators into 
the composite index 
The green growth index was combined from 
the sub-indexes of the indicators by the formula: 
IGG = ∑    
 
   Is,jt ×100.         (4) 
2.2. The grey theory method 
The grey theory method is the most significant method of grey theory to analyze and 
predict future data from the known past and present data. The Grey prediction has three basic 
operations: accumulated generating operator, inverse accumulating operator and grey model 
[16]. In this study, the author used GM(1,1) to forecast the green growth of 13 inner districts in 
Ho Chi Minh City. The grey theory studies the information on the time order of several data 
(more than 4 data) and could analyze uncertain or unknown information. The steps of GM(1,1) 
are shown below: 
Step1: Original time sequence with n samples (time point) is expressed as: {    
   
} = 
{    
   
     
   
     
   
      
   
} (m ≥ 4) (Eq. 5). Then the corresponding aggregate generating series of 
{    
   
} = {    
   
     
   
     
   
      
   
} can be achieved, where    
   
= ∑     
     
   . It is obvious that 
the original data     
   
 can be easily recovered from     
   
as:     
   
 =     
   
 -       
   
. 
Step 2: Form the GM model by establishing a first order grey differential equation 
    
   
 + a    
   
 = b,      (6) 
where 
    
   
 = 0.5     
   
 + (1-α)      
   
,  (i = 2, 3, 4…n). 
Step 3: Calculating the predicted values 
Figure 2. The green growth grade. 
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According to Eq.6, X
(1)
 at the time t:  
 ̂(1)(t+1) = (X(0)(1) -  
 
 
)e
-at
 +
 
 
.     (7) 
Thus, the original data can calculated with the following equation: 
 ̂(0)(t+1) =  ̂(1)(t+1) -  ̂(1)(t) = (X(0)(1) -  
 
 
)(1-e
a
 )e
-a(t-1)
,   ̂(0)(1) = X(0) (1), (t = 2,3,..n), 
and the residue ε(0)(t) can be reckoned with ε(0)(t) = X(0)(i) -  ̂(0)(t), followed by residue test.               
C (the rate of mean square deviations) and P (a probability of small error) were used to test of 
grey prediction model. The prediction accuracy is verified as: good (C < 0.35, P > 0.95), 
qualified (C < 0.50, P > 0.80), pass (C < 0.65, P > 0.70), and fail (C 0. 65, P > 0.70) [17]. 
3. RESULTS AND DISCUSSION 
3.1 The green growth index of 13 districts in Ho Chi Minh City 
As can be seen from Table 2, the results of the green growth index of 13 districts showed that 
the GGI increased during the period from 2009 to 2015. District 1 and District 5 were high green 
growth level, while others classified into average green growth level.  
Table 2. The green growth index from 2009 to 2015. 
Year 
Dis 
1 
Dis 
3 
Dis 
4 
Dis 
5 
Dis 
6 
Dis 
8 
Dis 
10 
Dis 
11 
Binh 
Thanh  
Phu 
Nhuan  
Go 
Vap  
Tan 
Binh  
Tan 
Phu  
2009 50 53 43 55 40 49 47 53 54 45 47 49 47 
2010 56 46 42 55 40 52 51 55 55 54 49 46 47 
2011 57 49 45 52 48 54 51 50 52 53 49 54 48 
2012 59 56 45 59 44 53 51 52 56 49 50 56 50 
2013 58 51 46 59 45 54 52 53 57 51 50 53 51 
2014 60 57 46 60 45 54 53 54 58 51 51 57 51 
2015 60 52 46 60 45 54 53 53 58 51 51 58 52 
3.2 The green growth prediction of 13 districts in Ho Chi Minh City 
Based on the green growth index from 2009 to 2015, the author predicted the green growth 
index for the period of 2016– 2020. Besides, the author also used data from 2009 – 2012 to 
forecast green growth index of 2013-2015. These results were compared actual value to validate 
prediction accuracy.  
Table 3. Test of grey prediction model. 
Year Dis 
1 
Dis 
3 
Dis 
4 
Dis 
5 
Dis 
6 
Dis 
8 
Dis 
10 
Dis 
11 
Binh 
Thanh 
Phu 
Nhuan 
Go 
Vap 
Tan 
Binh 
Tan 
Phu 
2013 60 61 47 60 48 54 51 50 55 48 50 62 51 
2014 58 53 47 61 45 54 52 52 57 49 51 55 52 
2015 61 55 47 60 45 55 53 54 59 51 51 57 52 
C 0.02 0.07 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.00 0.03 0.01 
P 1 1 1 1 1 0.95 1 0.8 1 0.95 1 0.95 1 
 
 
Green growth prediction of Ho Chi Minh city by the grey theory model  
25 
According to Table 3, the results of green growth prediction from 2013 – 2015 was good 
value:  C < 0.35 and P = 1 > 0.8. These indicated that the grey model was a confidence measure 
to forecast value in the case of small samples and insufficient information. 
As can be seen from Table 4, almost all districts will lightly increase the green growth 
index from 2017 - 2020. District 1 (69), District 3 (65), District 5 (62), District 11, Binh Thanh 
and Binh Tan will climb up to high green growth degree while District 4, District 6, Phu Nhuan 
and Go Vap will be moderate level. The results of green growth prediction of districts showed 
that Ho Chi Minh City need an impulse to improve urban environmental quality and driving 
force. 
Table 4.  The green growth index forecast from 2016 to 2020. 
Year Dis 
1 
Dis 
3 
Dis 
4 
Dis 
5 
Dis 
6 
Dis 
8 
Dis 
10 
Dis 
11 
Binh 
Thanh 
Phu 
Nhuan 
Go 
Vap 
Tan 
Binh 
Tan 
Phu 
2016 61 55 47 60 45 55 53 54 59 51 51 57 52 
2017 62 59 48 61 46 56 54 55 61 52 52 60 54 
2018 62 59 48 61 46 57 55 56 62 53 53 61 55 
2019 63 62 49 61 46 58 56 58 65 53 53 64 57 
2020 69 65 53 62 47 59 57 60 69 54 54 66 59 
4. CONCLUSION 
The green growth index of 13 districts in HCMC consists of 9 subjects and 18 indicators. 
The green growth index is a useful tool for assessing and monitoring the current state of socio-
economic development. The green growth index was built based on the weight of the principal 
component analysis for the objective evaluation results. The grey prediction model provides 
quick forecast in poor statistical conditions and obtains reliable results.  
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